Potential Inappropriate prescribing (PIP), Drug-Drug interactions (DDI) and polypharmacy are major risk factors for adverse drug reactions among older persons. Although these factors in many cases co-exist in prescriptions to older persons, very few studies have evaluated the inter-relationship between these factors concomitantly. This study aimed to evaluate PIP and DDI and to determine the associations between PIP, DDI, and polypharmacy among Nigerian older persons. This study was a retrospective evaluation of medicine utilization among older persons at Olabisi Onabanjo University Teaching Hospital, Nigeria, using a medical chart review. Older persons aged ≥60 years, with chronic diseases that attended the medical outpatient clinics of the hospital between 1 st January and 31 st December 2016 were included. Eligible patients' records were randomly sampled. Information including patients' demographics, medical and medication histories and current medications were extracted with a checklist. PIP and DDI were evaluated using the 2015 updated Beers Criteria. Associations were determined using Chi-squared test and a binary logistic regression. A total of 352 participants, mean age 69.03±7.35 years were evaluated. According to the Beers Criteria, PIP and DDI among the participants were (124/352, 35.2%) and (20/352, 5.7%) respectively. Majority of the participants (192/352, 54.5%) received polypharmacy. A few participants (12/352. 3.4%) received prescriptions containing PIP, DDI, and polypharmacy concomitantly. DDI was significantly associated with PIP in a logistic regression (OR=0.18, 95%CI=0.05-0.68, p=0.01) and with polypharmacy in a Chi-squared test (OR=3.55, 95%CI=1.16-10.83, p=0.02). This study concludes that PIP, DDI and polypharmacy are interrelated and should be considered when prescribing to older persons.
non-steroidal anti-inflammatory drugs (NSAIDs) were widely reported to be mostly inappropriately prescribed among the participants (van Heerden et al., 2016; Narayan & Nishtala, 2015; Fadare et al., 2013) . With a few exemptions (Rakesh et al., 2017; Fadare et al.,2013) , almost all these studies used prescriptions from databases or from the hospital records which did not contain certain patients' clinical profiles, which are necessary for estimation of PIP due to kidney function and drug-disease interactions (van Heerden et al., 2016; Ubeda et al., 2012; Eze & Olowu, 2011) .
Few studies have also compared the STOPP/START criteria with the earlier versions of the Beers Criteria, with the STOPP Criteria being reported to be more sensitive to PIM than the Beers criteria (Bahat et al., 2017; Ubeda et al., 2012) . The earlier versions of the Beers criteria have however been criticized for non-inclusion of common categories of PIP such as drug-drug, drug-disease interactions, drug duplication and the inclusion of obsolete medications Page, Linnebur, Bryant, & Ruscin, 2010) . However, with a major review that the Criteria have undergone since adoption by the American Geriatric Society (AGS) in 2012, most of the criticisms appeared to have been addressed (AGS, 2015) .
Traditionally, DDI has been evaluated using web-based tools (Salwe, Kalyansundaram, & Buhurupi, 2016; Shoshi, Hoppe, Kormeier, Ogultarhan, & Hofestadt, 2015) . However, the web-based instruments assess DDI that are non-specific to older persons alone and for which the risk of serious harms to older persons is uncertain (Salwe et al, 2016) . Polypharmacy is often evaluated using the World Health Organization definition "the administration of many drugs at the same time or the administration of an excessive number of drugs" (World Health organization [WHO] , Centre for Health Development, 2004) .
In Nigeria, studies on PIP among older persons are scarce. However, two studies that utilized the earlier versions of the Beers Criteria reported a PIP prevalence of 30.3% and 45.6% among older Nigerians (Fadare et al., 2013; Eze & Olowu, 2011) . In these previous studies, associations between polypharmacy, PIP and DDI were not assessed. The co-existence of polypharmacy, DDI and PIP in many prescriptions to older persons is established in the literature (Novaes et al., 2017; Rakesh et al., 2017) . However, very few studies have evaluated the associations of the triad concurrently. 11 This study aimed to evaluate the prevalence of PIP and DDI using the 2015 updated AGS-Beers Criteria and to determine the associations between PIP, DDI, and polypharmacy among older Nigerians.
Methods

Study Population, Inclusion and Exclusion Criteria
This study was a cross-sectional retrospective evaluation of medicine utilization among older persons using a medical chart review. This study's inclusion criteria were participants being aged ≥60 years with at least one chronic disease, attendance of the hospital's MOP clinics between 1 st January and 31 st December 2016. The age ≥60 years was used to define older persons in this study in line with United Nations cut-off, and this is consistent with previous studies in many LMICs (Rakesh et al., 2017; Eze & Olowu, 2011) . This study adopted the World Health Organization's (WHO) definition of chronic disease (WHO, 2002) . Physician diagnosis recorded in the chart was relied on for the identification of chronic diseases. Participants were excluded if the demographics and medical information were incomplete [age, diagnosis, current medication, creatinine clearance (when necessary)], received no prescriptions, due to referral to another level of care or on clinic revisit. Eligible participants whose records were used in the pilot stage of the study were excluded.
Study Setting
The study was carried out at the medical outpatients (MOP) clinics of Olabisi Onabanjo University Teaching Hospital, Nigeria. The hospital is a 205-bed public tertiary healthcare facility and a referral center for many hospitals in the South-western region of the country. The hospital had no geriatric unit at the time of the study, but there were few geriatricians that consulted in the MOP clinics.
Sample Size Estimation
A total of 2,326 eligible participants were available for selection based on the inclusion criteria. The sample size was calculated using a 50% response distribution, a 5% margin of error at 95% confidence level yielding a minimum size of 330. A 10% attrition rate was added to the minimum size to obtain a maximum sample size of 363 (Charan & Biswas, 2013) .
Data Collection Technique
Medical charts of eligible participants were selected from the hospital's medical records office with the aid of a trained research assistant. Patients identifiers were entered into Excel software and cleaned to remove double entries. Medical records of eligible participants were randomly selected until the sample size was complete. A researcher-designed checklist which had earlier been pre-tested using 10 randomly selected medical records of eligible participants in the facility was used for data capturing. The checklist captured participants' socio-demographics, social and clinical information including diagnosis, medical and medication histories, current medication and eGFR (or Creatinine clearance where available). The checklist also captured prescribers' cadres, MOP clinics, and the prescription date. The period was analyzed on a quarterly basis.
The prescriptions offered to the participants on first clinic visit only during the study period were evaluated. The prescriptions were evaluated for PIP and DDI using a full application of the 2015 updated AGS-Beers Criteria. Medical history and present diagnosis were assessed together for the determination of PIMs to be avoided in certain diseases and syndromes. Where a PIP due to kidney function was suspected from the prescription of a medicine listed in the category by the Beers Criteria, the patient's creatinine clearance was assessed. The creatinine clearance obtained not later than 6 months before the study was considered valid. The two commonly applied definitions of polypharmacy were adopted and evaluated in this study. Five or more medicines in a prescription were regarded as polypharmacy (category A) (Rakesh et al., 2017) . Prescription of medicines more than clinically indicated was considered as polypharmacy (category B) (WHO, 2004) . The category B consists of prescriptions containing drug class duplication or combinations of medicines with the same active ingredients in a way that the daily dose of any of the active ingredients exceeded the standard dose. The defined daily dose by the WHO was used for the standard dose determination. 24 The prescriptions were also assessed for conformity with the Nigerian Standard Treatment Guidelines (NSTG) (Federal Ministry of Health [FMOH], 2008). Diseases were categorized using the International Classification of Diseases (ICD-10 version 2016). PIM was classified using Anatomical Therapeutic Chemical Classification (ATC) system (Collaborating Centre for Drug Statistics Methodology, 2010). A clinical pharmacist reviewed the medical charts.
Data Management and Analysis
The data were captured into Excel worksheet from the checklist by a graduate research assistant and were cleaned manually. The entry was double checked for errors by the second author. The data were fed into the Statistical Packages for the Social Sciences (version 25) and were primarily analyzed within a quantitative framework using descriptive statistics. Student independent T-test was used to compare means of normally distributed continuous variables. A binary logistic regression was used to determine associated risk factors for PIP among the participants. In the final model independent variables including age, gender, number of chronic diseases, exposure to NSAIDs and antidepressants, polypharmacy were assessed. Variables with p<0.05 in the univariate analysis were retained. However, exposure to PIM was forced into the model. The results were presented using odds ratio with 95% confidence interval. The Hosmer-Lemeshow goodness of fit was used to assess the adequacy of the final models. P <0.05 was considered significant.
Ethical Approval
This study was approved by the Biomedical Research Ethics Committee (BREC) of University of KwaZulu-Natal under reference number BE 591/16 and Olabisi Onabanjo University Teaching Hospital Ethical Review Committees under reference number OOUTH/HREC/97/2016. Gate-keeper permission was obtained from the head of the MOP department in the facility. *Chi-squared value significant at p<0.05. others include diseases of endocrine system, neoplasm, ear, blood forming organs, respiratory, eye and diseases involving more than 1 system. *others include diseases of endocrine system, neoplasm, ear, blood forming organs, respiratory, eye and diseases involving more than 1 system. 
Results
The Baseline Characteristics of the Study Participants
Prevalence of Potential Inappropriate Prescribing According to Diseases
The Utilization of PIM Among the Study Population
Drug-Disease Interactions
Only (2/352, 0.6%) prescriptions contained PIP due to drug-disease interactions. This included amitriptyline for a participant with a history of falls and diclofenac for a participant with heart failure. Spironolactone was prescribed for (1/352, 0.3%) participant with end-stage renal failure (Cr/cl<30ml/min). Only (7/352, 2.0%) of the prescriptions deviated from the NSTG. 
Associations Between Variables and Potential Inappropriate Prescribing Using Bivariate Logistic Regression
Discussion
This study evaluated PIP and DDI using the 2015 AGS-Beers Criteria and determined the associations between the PIP, DDI, and polypharmacy among older persons with chronic diseases in Nigeria. In this study, only a few participants (3.4%) received PIP and DDI according to the 2015 Beers Criteria, and polypharmacy concomitantly. This was lower compared with 29.3% reported in Brazil (Novaes et al., 2017) . This Brazilian study applied web-based tool to evaluate DDI. This could have over-estimated the prevalence of DDI, unlike this present study that used the 2015 Beers list which was specific for older persons.
More than one-third (35.2%) of the participants received at least one PIM independently of diagnosis. The prevalence of PIP in this study was comparable to the findings of similar studies that utilized 2012 AGS-Beers Criteria in many parts of the globe (Bahat et al., 2017; Novaes et al., 2017; van der Stelt et al., 2016) . This study finding was, however, lower compared with 45.6% reported in a previous study that applied the 2003 Beers Criteria in the same study site (Eze & Olowu, 2011) . This was probably because a few of the PIMs such as nifedipine (immediate release dosage) that were reported in the previous study were no longer in clinical use in the country at the time of the present study. A major criticism of the earlier Beers criteria was the inclusion of obsolete medications, which the 2015 updated Criteria appeared to have overcome. In addition, the previous study in the hospital evaluated PIP among a general population of older persons, unlike this study that focused on older persons with chronic diseases. The observation of the present study probably indicated more awareness and better practice among the attending physicians in the healthcare facility.
NSAIDs and antidepressants were the most prescribed class of PIMs in this study. This was consistent with the previous studies that utilized the 2012 Beers among older persons including Africans (van Heerden et al., 2016; Chang et al., 2015; Fadare et al., 2013) . The high use of these medications could however be attributed to the prevalence of musculoskeletal system disorders and other neuropathy associated chronic diseases among the study participants. NSAIDs are regarded a PIM when used as first-line for pain or for a long period without a gastroprotective agent (AGS, 2015) . It can increase the risks of gastrointestinal bleeding and cardiovascular accident among older persons (Park & Bavry, 2014) . The negative impacts of antidepressants including amitriptyline on older persons' quality of life are well documented. Apart from contributing to falls leading to fracture and accelerating gait decline, the anticholinergic effects are pronounced among older persons (de Jong, Elst, & Hartholt, 2013) . It was noted however that antidepressant specifically amitriptyline was mostly prescribed in this study for neuropathic pains, similar to the observation of a study in South-Africa (van Heerden et al., 2016) . This appeared to be due to the relatively high cost of alternatives in these conditions and the recommendation of the NSTG (FMOH, 2008) .
Based on the 2015 AGS-Beers Criteria only a few cases (5.7%) of DDI was found in this study. This result was comparable to (7.7%) reported in a similar study that used the same Criteria among Medicare beneficiaries in California, United States (Patel et al., 2018) . The prevalence of DDI in this study contradicted the higher prevalence of DDI reported by many studies that utilized web-based DDI assessment tools (Novaes et al., 2017; Salwe et al., 2016; Obrieli-Neto et al., 2012) . This was understandable considering the fact that the AGS-Beers Criteria DDI list targeted only DDI with strong evidence of causing harms among older persons (AGS, 2015) .
Polypharmacy (Category A) was found among a slight majority (54.5%) of the participants. Studies that applied the same definition of polypharmacy as this present study (≥5medicines per prescription) among older persons in LMICs reported similar findings (Novaes et al, 2017; Rakesh et al., 2017; Fadare et al., 2013) . A few cases of polypharmacy (Category B) was observed in this study. These cases were due to prescription errors and the failure of the prescribers to comply with the recommendation on generic prescribing of medicines. Polypharmacy in older persons is associated with a greater risk of adverse drug reactions, drug interactions, higher health care expenditure, patients' non-adherence to medication, and reduced functionality among older persons (Maher, Hanlon, & Hajjar, 2014) .
This study identified musculoskeletal and nervous system disorders, antidepressants and NSAIDs as risk factors for PIP among the participants. To the best of authors' knowledge, this present study was the first to associate musculoskeletal disorders with PIP among African older persons. Studies reporting association between diseases and PIP in Africa were almost non-existent at the time of this study. Age, gender and numbers of medication and chronic diseases were not associated with PIP in this study, similar to previous studies among Indians, and Japanese older persons (Pradhan et al., 2015; Kondo et al., 2015) .
Prescribers' status did not significantly influence PIP in this study. This indicated that PIP is an issue that requires educational interventions. This study observed a high adherence to the NSTG by the prescribers despite the level of PIP in the facility. Treatment guidelines are a fundamental basis on which medical practice is based (Davies & O'Mahony, 2015) . This study finding suggests that incorporation of the PIM alternatives into NSTG for the management of older persons' diseases may assist in reducing PIP among older persons.
Limitations of the Study
This study utilized data from a single center, a tertiary healthcare facility. The finding may, therefore, not be generalized. Physicians justification for using the PIM was not evaluated in this study. It was possible some of the PIMs might have clinical justifications among the participants. Majority of the prescriptions could also have emanated from physicians who were not trained in geriatrics because there were few geriatricians in the hospital at the time of the study. The results of this study should, therefore, be interpreted within the context of these limitations. A study on clinical and pharmacoeconomic benefits of stringent application of the updated 2015 Beers Criteria among older persons in Nigeria may be necessary.
Conclusions
This study identified a few prescriptions with PIP, DDI, and polypharmacy concurrently. The triad of PIP, DDI and polypharmacy were found to be inter-related. Amitriptyline (antidepressant) was responsible for many of the PIP, polypharmacy, and DDI in this study. Musculoskeletal and nervous disorders were associated with PIP among the study participants. Educational interventions to improve prescribing quality to older persons in Nigeria are advocated.
